pair followed by the synthesis of a new centriole adja-1
model system for the identification and analysis of fac-cDNA clones. Except for small differences at their termini, all three clones were identical in sequence. The tors regulating diverse aspects of cell division (for review longest clone was 2623 bp in length, in good agreement see Bowerman, 2001; Gonczy, 2002; O'Connell, 2000) .
with the size of spd-2 message as measured by Northern In addition to Aurora-A, centrosome maturation in the C. analysis (data not shown). The spd-2 gene contains eight elegans embryo requires SPD-5, a coiled-coil domainexons and encodes a protein of 824 amino acids with containing PCM component (Hamill et al., 2002) , and a calculated molecular mass of 91.5 kDa (Figure 2A) . spd-2, an essential gene of unknown molecular identity Analysis of the protein sequence revealed that three (O'Connell et al., 2000) . Here we report the cloning and regions within SPD-2 have the potential to form coiled analysis of the spd-2 gene and reveal that SPD-2, like coils: amino acids 66-82, 111-131, and 302-324 (Figure SPD-5 and many other centrosome components, con-2B). We performed BLAST analysis and identified a putatains regions predicted to form coiled coils. We find that tive ortholog from the related nematode C. briggsae SPD-2 localizes to both centrioles and PCM and that it (Figure 2A) (Stein et al., 2003) . Surprisingly, these two acts early in the morphogenetic pathway of PCM assemproteins share only 42% identity (and 59% similarity), bly. We show that SPD-2 localization involves the activiindicating that they rapidly evolved following divergence ties of a subset of centrosome-associated factors and of the two species. Interestingly, despite the degree of that in addition to its role in maturation, SPD-2 is resequence divergence, the putative coiled-coil domain quired for duplication and interacts genetically with at 302-324 is conserved as are all three amino acid components of both the maturation and duplication residues affected by mutation. SPD-2 also possesses pathways.
23% identity and 39% similarity to an extended region of SPAPB15E9.01c, a Schizosacchromyces pombe protein Results of unknown function (data not shown).
SPD-2 Encodes a Protein with Three SPD-2 Localizes to Centrosomes Coiled-Coil Domains
The failure of centrosome components to localize prop-Centrosome maturation and spindle assembly in the C. erly in spd-2 mutants suggests that SPD-2 itself might elegans embryo require the spd-2 gene (O'Connell et localize to the centrosome. To address this question, we al., 2000). In embryos with reduced spd-2 activity, cengenerated affinity-purified SPD-2 antibodies and used trosomes recruit only trace amounts of ␥-tubulin and them to stain fixed specimens. We found that SPD-2 nucleate only a small number of astral microtubules. As not only associates with centrosomes, but it does so at a result, bipolar spindles fail to assemble. All known nearly all of the developmental stages examined. In the alleles of this gene are recessive loss-of-function mutahermaphrodite gonad, SPD-2 localizes as discrete peritions and produce a strict maternal-effect temperaturenuclear foci in the mitotic portion of the germline (Figure sensitive (ts) embryonic lethal phenotype (O'Connell et 3A). These foci were also evident during the early stages al., 1998, 2000) . The strongest alleles also exhibit a numof oogenesis but were absent in mature oocytes. In ber of postembryonic defects, indicating that spd-2 contrast, mature sperm retained these SPD-2 foci with functions throughout development (O'Connell et al., each male gamete containing a single dot adjacent to 1998). The embryonic phenotypes described in this pathe nucleus (Figure 3B) . Similarly, in meiotic stage emper are not modified by fertilization with wild-type sperm bryos, a single SPD-2-positive dot was observed next (unpublished data), and are thus solely due to the abto the male pronucleus ( Figure 3C ). In slightly older emsence of maternally expressed SPD-2 protein.
bryos, one or two perinuclear foci of SPD-2 staining were To investigate the function of spd-2 at a molecular observed ( Figure 3D ). The intensity of the foci increased level, we identified the corresponding open reading with the age of the embryos and at mitosis both spindle frame. Previously, we mapped the spd-2 gene to posipoles were brightly stained ( Figures 3E-3F ). As embryos tion 3.27 map units on linkage group I (O'Connell et al., progressed through anaphase ( Figure 3G ) and telophase 1998). A survey of genes in the region revealed that ( Figure 3H ), the intensity of staining gradually diminone, F32H2.3, possessed an RNAi phenotype essentially ished. Careful examination of the staining pattern at this identical to that of spd-2 mutants (Figure 1 and Kamath stage revealed a diffuse area of SPD-2 material centered et al., 2001). Specifically, both mutant and RNAi-treated on one or two very bright dots. To determine if these embryos lacked a pseudocleavage furrow, exhibited decentral dots corresponded to the position of centrioles, fects in pronuclear migration, and failed to assemble a we examined SPD-2 distribution in a strain expressing bipolar spindle and divide (Compare Figure 1A to 1B a GFP-tagged version of the centriole marker SAS-4 and and 1C). We also used RNAi to block expression of the found that the SPD-2 and SAS-4-positive dots coincided F32H2.3 gene in a strain expressing GFP-␣-tubulin. Loss (Figures 3K-3M ). Given this result and the localization of F32H2.3 expression led to a profound defect in micropattern of SPD-2 in sperm-which contain a centriole tubule organization by the centrosome (compare Figure pair but lack obvious PCM-we believe that SPD-2 local-1D to 1E), a phenotype consistent with that observed izes to both centrioles as well the pericentriolar region. in spd-2 mutants (O'Connell et al., 2000) .
Centrosome staining was also evident in older em-We PCR amplified the F32H2.3 genomic sequence bryos (Figures 3I and 3J) and SPD-2-positive puncta from three spd-2 mutants and sequenced the amplificawere seen in young larvae (data not shown), suggesting tion products. All three mutants possessed a missense that SPD-2 is present at the centrosome throughout mutation within the F32H2.3 open reading frame, conthe entire life cycle. SPD-2 staining, however, was not firming the molecular identity of the spd-2 gene (Figure restricted to the centrosome. We also noticed that varying amounts of SPD-2 were present in the cytoplasm 2). To determine the gene structure, we sequenced three and nuclei of oocytes and embryos (data not shown).
nuclei. We conclude that SPD-2 is a nuclear and centro-As RNAi of spd-2 eliminated staining of all subcellular some protein and that the levels of SPD-2 at the centrostructures (data not shown), we conclude that the stainsome correlate with the microtubule-organizing caing pattern is specific. pacity. To confirm our immunofluorescence results, we generated a transgenic line expressing GFP-SPD-2. Like the endogenous protein, GFP-SPD-2 localized to cen-SPD-2 Requires Aurora Kinase and Cytoplasmic Dynein for Efficient Localization to the Centrosome trosomes throughout the cell cycle ( Figures 3N-3T ). GFP fluorescence was first detected as one or two small foci To investigate the mechanism whereby SPD-2 is recruited to the centrosome, we analyzed SPD-2 localization in associated with the male pronucleus ( Figure 3N) . The size and intensity of these foci increased as the cell embryos deficient in various centrosome/cytoskeletal components. We first determined if SPD-2 requires mi-cycle progressed and peaked during mitosis ( Figures  3O-3R) . As in the case of fixed specimens, fluorescence crotubules to associate with the centrosome by treating newly fertilized embryos with nocodazole to disrupt mi-intensity diminished by telophase, leaving behind two small brightly stained dots ( Figure 3S ). These two dots crotubules during the process of centrosome maturation. Embryos were then fixed and stained for SPD-2. persisted into the next cell cycle when once again fluorescence intensity gradually increased as the cells pro-Despite a nearly complete loss of tubulin polymer, SPD-2 still localized to the centrosome ( Figure 4B ). To gressed toward mitosis ( Figure 3T ). As with immunofluorescence, we detected weak localization of SPD-2 to more carefully determine if loss of microtubules had any effect on SPD-2 localization, we measured fluorescence ( Figure 4H ). There was, however, a large variation in the amount of centrosomal SPD-2 remaining with some air-intensity at the centrosome in treated and untreated embryos. To minimize variability due to age, we com-1(RNAi) embryos exhibiting as little as 20% of the wildtype level. Thus, Aurora-A appears to play an important pared only those embryos in late prophase and found that nocodazole-treated embryos possessed wild-type role in recruiting SPD-2 to the centrosome. We also detected a decrease in centrosome-associated SPD-2 levels of SPD-2 at the centrosome ( Figure 4H ). Next, we tested several factors implicated in centrosome dynam-in cytoplasmic dynein heavy chain (dhc-1) mutants. All one-cell dhc-1(or195) embryos examined (n ϭ 23) pos-ics. The C. elegans Aurora-A ortholog is encoded by the air-1 gene (Schumacher et al., 1998) . We treated wild-sessed reduced SPD-2 staining at the centrosome, and fluorescence intensity measurements made on those type hermaphrodites with double-stranded air-1 RNA to block expression of Aurora-A and immunolocalized dhc-1(or195) embryos in late prophase revealed that the mutants possessed only 44% of the wild-type level SPD-2 within the resulting progeny. While loss of Aurora-A expression led to defects in the microtubule network as ( Figures 4D and 4H) . To determine if the localized fraction of SPD-2 in dhc-1(or195) mutants was due to resid-previously described (Hannak et al., 2001; Schumacher et al., 1998), all of the one-cell embryos examined (n ϭ ual dynein activity, we performed RNAi of dhc-1 in the dhc-1(or195) mutant background. Although we ob-29) contained detectable, albeit lower, levels of SPD-2 at the centrosome ( Figure 4C ). Fluorescence intensity served that dhc-1(or195 ϩ RNAi) embryos exhibited more severe microtubule defects than dhc-1(or195) em-measurements made on embryos in late prophase indicated that centrosomes in air-1(RNAi) embryos pos-bryos, we did not detect a further decrease in centrosomal SPD-2 levels ( Figure 4H ). Thus, SPD-2 localization sessed half the amount of SPD-2 as wild-type embryos . To build a morphogenetic pathway of centrosome maturation, we will ultimately need to determine cytoplasmic dynein. In contrast, we did not detect a loss of centrosome-associated SPD-2 in embryos lacking how loss of each component affects assembly of the overall structure. With this in mind, we sought to deter-ZYG-9, an XMAP215 homolog ( Figure 4E , n ϭ 27) (Matthews et al., 1998). In fact, fluorescence intensity mea-mine how the loss of SPD-2 affects the localization of other centrosome components. We first investigated surements made on late prophase embryos indicated that zyg-1(b244) mutants possessed slightly elevated whether SPD-2 is required for localization of Aurora-A. In wild-type embryos, Aurora-A concentrates at centro-levels of SPD-2 at the centrosome (Figure 4H of wild-type levels being present in late prophase cenprotein is required for maturation and localizes to centrosomes ( Figure 5G ). As or188 is unlikely to be a null trosomes in a manner that is at least partially dependent mutation, we also analyzed AIR-1 localization in spdon SPD-2. To determine if SPD-5 and SPD-2 are mutually 2(or188 ϩ RNAi) embryos. Under these conditions of dependent on each other for localization to the centroreduced spd-2 activity, only 0.5% of AIR-1 localized some, we examined SPD-2 localization in spd-5 mutant properly ( Figure 5G ). Thus, SPD-2 is required for localembryos. In all spd-5(or213) embryos examined (n ϭ 33), ization of Aurora-A. We next examined the distribution the level of SPD-2 at the centrosome was dramatically of SPD-5 in the spd-2(or188) mutant. We found that, reduced ( Figure 4F ). We found that during late prophase, consistent with the results of Hamill et al. (2002), SPD-5 centrosomes in spd-5(or213) embryos possessed less levels at the centrosome decreased in the absence of than 10% of the wild-type level of SPD-2 ( Figure 4H ). functional SPD-2 (compare Figures 5C and 5D ). To quan-The SPD-2 remaining at the centrosome in spd-5(or213) tify this effect, we performed fluorescence intensity mutants was not reduced further in spd-5(or213 ϩ RNAi) measurements and found that SPD-5 staining of spdembryos ( Figure 4H ), indicating that a fraction of SPD-2 2(or188) centrosomes was only 1.7% of wild-type levels localizes independently of SPD-5. Interestingly, the ( Figure 5G ). We conclude that SPD-5 and SPD-2 are SPD-2 remaining at the centrosome localized as one or dependent on one another for localization to the PCM. two small bright foci, a pattern reminiscent of centriole Finally, we investigated whether Polo-like kinase restaining. As SPD-5 appears to localize to the PCM only quires SPD-2 for localization. The plk-1 gene encodes and not to centrioles (Hamill et al., 2002) , it was possible a C. elegans Polo-like kinase that localizes to centrothat loss of SPD-5 affected only the pericentriolar localsomes and is essential for normal oocyte and embryonic ization of SPD-2. To investigate this possibility, we exdevelopment ( Figure 5E and Chase et al., 2000). Interestamined the distributions of endogenous SPD-2 and the ingly, we found that PLK-1 was completely absent from GFP-SAS-4 protein in the spd-5(or213) mutant. We centrosomes in the spd-2(or188) mutant ( Figure 5F ). In found that the residual SPD-2 staining was essentially fact, when we carefully examined PLK-1 staining during limited to the domain of GFP-SAS-4 fluorescence (Figlate prophase, we could not detect centrosome staining ure 4G), indicating that centriole-associated SPD-2 loabove background in any of the spd-2(or188) mutants calizes in the absence of SPD-5. In support of this, we examined ( Figure 5G ). Thus, SPD-2 is required for localhave found that SPD-2 localizes normally in spdization of all centrosome components so far tested and 5(or213) sperm (data not shown). Ultrastructural analysis appears to act near the top of a hierarchy in the centroindicates that sperm contain a centriole pair but no assosome maturation pathway. ciated PCM (for example, see O'Connell et al., 2001). Thus, the localized SPD-2 observed in sperm is likely in SPD-2 Interacts Genetically with SPD-5 close association with the centrioles. We conclude that and Dynein Heavy Chain SPD-5 is required to recruit SPD-2 to the PCM but does In the course of our studies on SPD-2, we noticed a not appear to be important for its association with cengenetic interaction with SPD-5. Both the spd-2(oj29) and trioles. -treated embryo (B), an air-1(RNAi)-treated embryo (C), a dhc-1(or195) embryo (D), a zyg-9(b244) embryo (E), and a spd-5(or213 type of interaction is indicative of genes that have a that SPD-2, SPD-5, and DHC-1 function together to regulate centrosome maturation. To investigate the speci-common function. A similar genetic interaction has been described for spd-5 and dhc-1 (Hamill et al., 2002) . Thus, ficity of these interactions, we tested the spd-2(oj29) mutation for nonallelic noncomplementation with mu-we decided to test for an interaction between spd-2(oj29) and the recessive mutation dhc-1(or195). When tant alleles of two other genes with centrosome-related functions. Significant embryonic lethality was not ob-hermaphrodites heterozygous at both loci were allowed to lay eggs at 25ЊC, all of the progeny failed to hatch served among the progeny of hermaphrodites heterozygous for both spd-2(oj29) and zyg-9(b244) ( Table 1) . We (Table 1) . Thus, a mutation in any one of these genes exhibits strong nonallelic noncomplementation with a also failed to detect an interaction between spd-2 and tbg-1, the gene encoding ␥-tubulin. The level of lethality mutation in either one of the other two genes, indicating among the progeny of hermaphrodites heterozygous for SPD-2 Functions in the Centrosome Duplication Pathway both spd-2(oj29) and tbg-1(t1465) was small and not significantly different from that measured for tbg-During these studies, we noticed that embryos lacking SPD-2 typically arrested as one-cell embryos with no 1(t1465) heterozygotes (Table 1) . We conclude that the interactions between spd-2, spd-5, and dhc-1 are spe-more than two small asters. For instance, when we performed spd-2 RNAi on worms expressing GFP-␣-cific and indicate a commonality of function among this subset of centrosome factors. tubulin, we could not detect more than two organizing centers even after multiple cell cycles had passed (Fig-We next -5(or213) and dhc-1(or213) which arrest as gotes. Embryos from spd-5(or213) ϩ/ϩ spd-2(oj29) mothers were fixed and stained for microtubules, SPD-2, one-cell embryos but generate multiple (albeit abnormal) MTOCs as they age (data not shown). To investigate and DNA. Examination revealed centrosome maturation defects essentially identical to those observed in spd-2 this phenotype further, we examined centriole duplication in the GFP-SAS-4-expressing strain following RNAi and spd-5 mutants ( Figure 6I ). In such embryos, two separated centrosomes were apparent but each accu-of spd-2. In time-lapse images of wild-type control embryos, we clearly detected a doubling of GFP-SAS-4-mulated only trace amounts of SPD-2 and spindle assembly failed ( Figure 6I ). We observed similar defects labeled centrioles each cell cycle (Figures 6A-6D) . In contrast, centriole doubling did not occur in the spd-among the progeny of dhc-1(or195) ϩ/ϩ spd-2(oj29) mothers (data not shown), and, consistent with these 2(RNAi) embryos. As in control embryos, newly fertilized spd-2(RNAi) embryos contained two GFP-SAS-4-posi-findings, Hamill et al. (2002) reported spindle assembly defects among the progeny of spd-5(or213) ϩ/ϩ dhc-tive dots associated with the sperm pronucleus ( Figure  6E) . Interestingly, the fluorescence intensity of these 1(or195) mothers. Thus, lethality among the progeny of double heterozygotes is due to defects in centrosome foci was diminished relative to the untreated controls. Nonetheless, we could still reliably detect these foci and maturation, consistent with the idea that SPD-2 functions in concert with SPD-5 and cytoplasmic dynein to found that additional centrioles were not generated in the absence of SPD-2 ( Figures 6E-6H) . This was not regulate this process. spd-2(RNAi) embryos, we conclude  2001) . spd-2 mutants also show defects in centrosome that SPD-2 is required for centriole duplication. duplication; while two MTOCs arise during the first cell If spd-2 functions in duplication, we reasoned that it cycle in embryos lacking SPD-2, additional centrosomes  might exhibit a genetic interaction with zyg-1, a gene are not generated during later cycles. This is in sharp encoding an essential regulator of duplication (O'Concontrast to air-1(RNAi) and spd-5(or213) embryos which  nell et al., 2001) . Intriguingly, we found that spd-2 and arrest with multiple MTOCs (data not shown). An obvious zyg-1 exhibit a potent genetic interaction; mothers hetpossibility suggested by our work is that centriole-assoerozygous for both spd-2(oj29) and zyg-1(oj7) produce ciated SPD-2 is involved in centrosome duplication and predominantly dead embryos (Table 1), indicating that PCM-localized SPD-2 is involved in microtubule nucle-SPD-2 and ZYG-1 function in a common pathway. Unexation. Consistent with this hypothesis, we have found pectedly, however, we also found that spd-5 and dhc-1 that spd-5 mutations, which inhibit maturation, only afeach exhibit a similar genetic interaction with zyg-1 (Tafect SPD-2 association with the PCM. ble 1) . Mothers heterozygous for both zyg-1(oj7) and
investigated the cytological basis for the lethality incurred by the progeny of such double heterozy-ure 1E). This was in sharp contrast to other mutants such as spd
SPD-2 appears to function in concert with SPD-5, spd-5(or213) and mothers heterozygous for both zyg- 1(oj7) and dhc-1(or195) -2(or188)/ϩ ; zyg-1(oj7)/ϩ mothers  nell et al., 2000) are all required for ␥-tubulin to associate were unique in that they exhibited monopolar spindles with the PCM. Our data indicate that SPD-2, SPD-5, (Figure 6J) . These monopolar spindles were organized Aurora-A, and cytoplasmic dynein all act at the same by a single mature organizing center and were similar specific step in the pathway. We have found that some in appearance to the monopolar spindles of zyg-1(oj7) degree of interdependency exists between SPD-2 and homozygotes (O'Connell et al., 2001) . Monopolar spin-SPD-5 and between SPD-2 and Aurora-A for localization dles were not observed, however, among the progeny to the centrosome. We have also determined that cytoof spd -5(or213)/ϩ ; zyg-1(oj7)/ϩ and dhc-1(or195)/ϩ ; plasmic dynein plays an important role in localizing zyg-1(oj7)/ϩ hermaphrodites, indicating that while SPD-2 to the centrosome. Finally, we have discovered  zyg-1, spd-5, and dhc-1 seem to cooperate to carry  that spd-2, spd-5, and dhc-1 mutations exhibit strong out some essential cellular process, this process is not genetic interactions with each other (Table 1 and Hamill centrosome duplication. In fact, our cytological analysis et al., 2002). We were unable, however, to detect an suggests that spd -5(or213)/ϩ ; zyg-1(oj7)/ϩ and dhc- interaction between spd-2 and the ␥-tubulin-encoding 1(or195)/ϩ ; zyg-1(oj7)/ϩ embryos die of cytokinesis gene tbg-1. Since ␥-tubulin is also required for the profailures (data not shown). Only one activity each has cess of centrosome maturation (Hannak et al., 2002) , been ascribed to spd-5 (centrosome maturation) and the genetic interactions seem to suggest a more specific zyg-1 (centrosome duplication), and thus our data sugfunctional connection than participation in a common gest the exciting possibility that additional functions pathway. exist for these genes and that these functions can be The precise role of SPD-2 in centrosome maturation unmasked through genetic analysis.
Aurora-A kinase, and cytoplasmic dynein early in the
is not yet clear, but one intriguing possibility is that We note that the centrosome phenotype of spd-SPD-2 along with SPD-5 forms part of the centromatrix 2(or188)/ϩ ; zyg-1(oj7)/ϩ animals is quite distinct from  (Dictenberg et al., 1998; Schnackenberg et al., 1998) , the centrosome phenotype observed among the offan intricate network of 12-15 nm fibers visible in saltspring of spd-5(or213) ϩ/ϩ spd-2(oj29) mothers (Figure  extracted centrosomes. The matrix proper lacks micro-6I). Specifically, in spd-2(oj29)/ϩ ; zyg-1(oj7) /ϩ embryos tubule-nucleating activity but is thought to provide a we observed unreplicated centrosomes with a normal structural framework that anchors ␥-tubulin ring comcomplement of SPD-2 ( Figure 6J) et al., 1994) . SPD-5 also has multiple coiled-coil domains, and it has been suggested that SPD-5 and peri-SPD-2 functions in two processes essential to centrocentrin are functionally equivalent (Hamill et al., 2002) . some function: maturation and duplication. In the ab-This might well be the case, and given that SPD-2 has sence of SPD-2 activity, the paternally inherited centricoiled-coil domains and functionally interacts with ole pair fails to accumulate the normal complement of SPD-5, SPD-2 might physically interact with SPD-5 to form the C. elegans centromatrix. PCM components. This results in two immature MTOCs Where then would Aurora-A fit into this picture? Au-␥-tubulin to the centrosome (O'Connell et al., 2000) . Our rora-A might phosphorylate SPD-2 and/or SPD-5 to regpresent findings that SPD-2 is required for both centroulate centromatrix assembly. As centromatrix is formed, some maturation and duplication could be explained if Aurora-A could concentrate at the nascent PCM to fur-SPD-2 were involved in localizing ␥-tubulin to the PCM ther drive maturation, thus providing a positive feedback as well as the sites of centriole synthesis. loop. What role the microtubule-based motor protein dynein might have in this process is unclear, as microtu- LG1 : dhc-1(or195ts), spd-5(or213ts), dpy-5(e61), spd-2(oj29ts), spd- The requirement for SPD-2 in centrosome duplication 2 (or188ts), spd-2(or183ts); LGII: zyg-1(oj7), zyg-9(b244ts); and LGIII: might reflect an essential role in assembly of daughter unc -32(e189), tbg-1(t1465), unc-119(ed3) 19(e1259) glp-1(q339) ] III. We also used the following integrated microscope phenotype is consistent with such a defect. bsIs2 [pCK6.1: unc-119(ϩ) pie-1-GFP-spd-2 
transgenes:

], ojIs2
During the first cell cycle of spd-2 mutant embryos, -119(ϩ) pie-1-GFP-tba-1], ruIs32 [pAZ132: unc-119(ϩ) two clearly separate MTOCs are formed, but additional -5(or213)/ϩ, dhc-1(or195)/ϩ, zygfinding that spd-2 and zyg-1 interact genetically pro-9(b244)/ϩ, unc-32 (e189) tbg-1(t1465)/ϩϩ, or zyg-1(oj7 For pCK6.1, the pie-1-GFP-spd-2 construct, a 3 .0 Kbp izes to both centrioles and PCM, suggesting it functions fragment encoding the entire spd-2 sequence was amplified from in the two processes directly. Thus, our favored hypotha genomic N2 template using the primers 5Ј-GGGGACAAGTTTGTA esis is that SPD-2 has but one molecular activity that is anti-PLK-1, anti-SPD-5, and anti-AIR-1 antibodies have been de-77, 71-94.  scribed (Chase et al., 2000; Hamill et al., 2002; Schumacher et al.,  Chase, D., Serafinas, C., Ashcroft, N., Kosinski, M., Longo, D., Ferris,  1998). Alexa Fluor 488 and 568 anti-mouse and anti-rabbit second-D.K., and Golden, A. (2000) . The polo-like kinase PLK-1 is required ary antibodies were obtained from Molecular Probes.
for nuclear envelope breakdown and the completion of meiosis in Affinity-purified serum to SPD-2 was prepared using purified re-Caenorhabditis elegans. Genesis 26, 26-41. combinant SPD-2 protein to immunize two rabbits at the Laboratory Animal Resources Facility of the University of Wisconsin Medical  Chen, Z., Indjeian, V.B., McManus, M., Wang, L., and Dynlacht, B 
